Abstract-A review of the several moisture sensors using planar structures such as microstrip, conductorbacked coplanar waveguide (CBCPW) and microstrip antenna is described. These sensors are used for determination of moisture content in hevea rubber latex and oil palm fruit. This study includes the state of the art of sensor design by which the dielectric constant and dielectric loss of the hevea latex and oil palm are taking into consideration. A prototype developed known as microwave reflection type latexometer is able to measure the moisture content of hevea latex with the accuracy of less than 1% and suitable to be used at latex collecting center and latex dipping industries for process control. A close relationship has been found between insertion loss and moisture content in the mesocarp of oil palm fruit for the CBCPW sensor. This relationship will give the possibility of using this sensor to gauge fruit ripeness or oil content in the mesocarp.
Introduction
Since water appears in the majority of materials encountered in nature -being introduced there on purpose during specific processes or being present naturally, the water content to a large extent, affect physical, chemical, mechanical and thermal properties of many non-metallic materials in nature. MC is often a quality criterion of solid or liquid substances and is used in the industrial process -to reduce losses in trade and storage. For example most natural substances are sold by weight, hence the exact determination of MC will help to fix the true value of the product such as hevea rubber latex, milk, grain etc. Latex collected by smallholders is sold to a collector who pays according to the dry rubber content (DRC) or Total Solid Content (TSC) which is closely related to MC [1] .
Palm oil is obtained from mesocarp of the oil palm fruits and oil quantity is determined by the quality of fruits during harvesting or amount of oil, water and free fatty acid (FFA) in the fruit. Normally the amount of moisture content in fresh mesocarp is about 85% at 14-15 weeks after anthesis and decreases rapidly to about 30%0 in ripe fruits at about 20-24 weeks after anthesis [2] . The close relationship between moisture content and stage of ripeness gives a possibility of using this parameter to gauge the ripeness of the fruit.
Dielectric Properties
The interaction of electromagnetic waves with the non-magnetic material is determined by the complex permittivity or dielectric properties of the material, 8 = '-j8". The real part, 8', which is known as the dielectric constant, expresses the ability of the material to store energy and the imaginary part, e", known as the dielectric loss factor, is a measure of the energy absorbed from the applied field. The dielectric properties of the material depend on the physical properties of the material, especially MC.
Field latex is a highly perishable material that will coagulate a few hours after tapping, unless a preservative is added. Normally, 0.3 to 0.6% of ammonia is added as a preservative. Field latex can be concentrated to a higher rubber content to make it more uniform and economically more attractive. The present standard of latex concentrate has a dry rubber content of about 60% and approximately 39°0 MC. Figure 1 shows the dielectric spectrum of hevea latex from various samples such as fresh field latex, diluted fresh latex, latex concentrate, and diluted latex concentrate. The dielectric constant 8' for almost all samples follows the trend of deionized water and their magnitudes are found decrease as the MC in the latex decreases. For the frequency range between 0.2 GHz and 20 GHz, the loss factor 8" can be divided into two regions. For Figure  2 . At 0.3 GHz, c£ spreads depending on the strength of ionic species in the latex.{3-6] For latex concentrate, the higher value of c" at a particular MC is due to ammonium ions associated with ammonium added to the latex concentrate acting as a preservative. However, at 9.3 GHz, no spreading of c"was observed. This implies that the contribution from the conductive loss is small and c" is merely dominated by the dipolar orientation of water molecules. A close relationship between dielectric properties and MC at this frequency, regardless of the types of latex, gives important information on the state of the art of the development of microwave moisture meters for latex.
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Oil Palm Fruit
The rate of ripening of a single fruit is not uniform with ripening, but usually starts from the upper to the lower region and from the outer to the inner region. There is a wide variation of MC, especially in the under-ripe and nearly ripe fruit. Therefore, it is better to use the MC of the mashed mesocarp of the whole fruit in order to give a reliable relationship between MC or permittivity and level of maturity [7] . Figure 3 shows the profile of moisture content in mesocarp with day of anthesis. maturity whereas water and oil vary with ripeness. As expected he variation of e' and c£ at 0.2 GHz and 1OGHz almost follow the same pattern as moisture content [7] .
involves with the determination of functional relationship between Em and E given by Em= f2 (-) 
State of the Art
The basic physical phenomena utilized in relating moisture content to electrical quantities at microwave frequencies are usually presented based on transduction principles [8] . A general scheme of microwave transducers used for measuring moisture content can be presented using several steps. The first step represents conversion of a measured moisture content M. to an electromagnetic quantity E. In our case E is much related to the complex permittivity E and in the first step involves with the determination of the functional dependence between material's permittivity and moisture content.
f' is directly related to the contribution of the polarization of water dipole which is affected by the operating frequency, temperature and chemical compositions.
The second step stands for the microwave sensor which converts complex permittivity to the microwave electromagnetic parameter Em such as reflection coefficient, attenuation, resonant frequency, phase shift, time domain reflection etc. Therefore this section where f2 is normally affected by the changes of the measuring condition, displacement of measured object in measuring region, material density in the test zone, wave impedance etc. Many forms of microwave sensors are used for example waveguide, coaxial line, microstrip, coplanar line configurations.
The third step is the microwave transducer which converts the microwave signal into electrical signal, V such as DC or low frequency voltage current.
The functional relationship between Em and V can be written as follows:
f3 is affected by the noise, stability of microwave detector, and non-linearity.
In simple microwave instrument, a square law detectors are most frequently used. However, some advanced meters use heterodyne or homodyne detectors.
The last few steps are signal processing units, which contains amplifiers, interfacing unit, digital processing and control and display unit. The performance of these units are affected by the electronic noise and electromagnetic interference. The above scheme enables us to find out or to predict the accuracy, precision, dynamic range, sensitivity and the effects of unwanted factors or interferences.
Microstrip and Conductor-Backed Coplanar Waveguide (CPCPW) Sensors for
Liquid and Oil Palm Fruits U-shaped Microstrip moisture sensors [9] [10] have been developed to measure the variation of moisture content in various liquids and linear microstrip [11] [12] and CBCPW moisture sensors for oil palm fruit [13] [14] . By knowing moisture content in palm fruit we can subsequently predict the level of its maturity. Both structures as shown in Figure 4 consists of input and output, sensing area and stripline or coplanar line. The sensing area consists of a substrate, a protective layer and a sample with semi-infinite thickness (see Figure  4) .The transmission and reflection phenomena in the structure can be analyzed using signal flow graph and Mason's non-touching loop rules [15] . The scattering parameter S21 or attenuation can be predicted based on the dielectric properties of the sample. method [10] . The performance of CBCPW sensor [10] is shown in Figure 5 (b) with a sensing area length of about 1.6 cm, small gap size (b-a)/h = 0.3 and s/h ratio (or SPH) 0, 0.04, 0.08, 0.13, 0.18 and 0.22. The sensitivity for SPH=0.08 is about 0.15 dB/% MC. with moisture content (a) U-shaped microstip sensor for measuring MC in the sucrose solution at various s/h ratios (see [ 9] ) (b) CBCPW sensor for oil palm mesocarp (see [16] ). show that the sensitivity is drastically affected by the thickness of the protective layer. The deviation of the test result of the moisture parameter is less than 1% compared to that obtained by Standard Gravimetric A prototype for ripeness indicator using microstrip sensor is shown in Figure 6 . The detected current from the meter is related to the moisture content of mashed mesocarp and finally the stage of the ripeness can be determined. A single test of the sample is adequate for predicting the optimum time of harvesting by applying the profile of ripeness. This method is found suitable for assessing the quality of the fruit that reaches the factory.
iD=V Att
Using this method, it might be possible to construct accurate and rapid nondestructive moisture sensors of other similar products i.e. fresh milk, natural latex, palm oil ... etc.
Furthermore, it has predicted MC with mean error less than ±1.3% in the temperature range of 250C to 600C [18] . horn antenna with microstrip radiating patches will make the sensor more versatile and compact [16] . See Figure 7 . It also focus on the removal of temperature effect on moisture content measurements without involving phase measurement [17] .
In this system, a calibration equation was found that instantly gives moisture content of the samples under consideration. The sensor interfaces with a laptop PC using a graphical language, LabViewR which helped analyzes the data. Error correction and three calibration techniques were implemented and compared. The system is tested using rubber latex and has predicted MC with standard error less than ± 0.400 compared to standard oven drying techniques. The prototype version of the dual-frequency moisture meter is shown in Figure 8 . The Graphical User Interface, GUI software is used whereby its step by step instructions facilitate the indirect calibration of the meter system and displaying the water content or dry solid content of rubber latex.
Conclusion
The state of the art of the development of microwave planar moisture sensors for the important commodities from Southeast Asia such as hevea rubber and oil palm fruit have been described. It was found that the most important features of the instrument that can be developed from these studies are the accepted accuracy, price, ease of use, portability, and nondestructive nature. This kind of work also provides a basis for a computer-assisted instrument for multitasking measurement of various parameters related to the assessment of the quality of the commodities.
